10/511431 

DT05 Rec'ti PCT/PTO 2 2 OCT 



SPECIFICATION 
FLUID CONTROL APPARATUS 

TECHNICAL FIELD 

5 The present invention relates to fluid control apparatus 

for use in semiconductor fabrication equipment, and more 
particularly to fluid control apparatus which require heating 
of a fluid. 

As to the terms "front," "rear," "upper" and "lower" as 
10 used herein, the right-hand side of FIG. 1 will be referred 
to as "front," the left-hand side thereof as "rear," and the 
upper and lower sides of the same drawing as "upper" and 
"lower," respectively. The terms "left" and "right" are used 
for the apparatus as it is seen from the front rearward. 
15 However, the terms "front," "rear," "upper" and "lower" are 
used for the sake of convenience; the apparatus may be used 
with their front and rear sides reversed in position or with 
their upper and lower sides positioned as the left and right 
sides . 

20 

BACKGROUND ART 
Fluid control apparatus for use in semiconductor 
fabrication equipment are made integrated by connecting a 
mass flow controller and shut-off valves without using tubes. 
25 Such apparatus are known which comprise a plurality of lines 
arranged in parallel on a base plate and having their inlets, 
as well as their outlets, oriented in the same direction, each 
of the lines comprising a plurality of fluid control devices 
arranged in an upper stage and a plurality of block coupling 
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members arranged in a lower stage, the coupling members being 
removably attached to the base plate, the fluid control devices 
being removably mounted on the coupling members. The fluid 
control apparatus of the type described requires one or more 
5 lines equipped with a heating device depending on the use of 
the apparatus. 

The conventional fluid control apparatus of the type 
described has the problem that it takes much time to assemble 
the components including the heating device. Another problem 

10 encountered is that since full consideration is not given to 
the additional provision of lines or modification of lines, 
there arises a need to remove all members as mounted on the 
base plate for replacement by a base plate having required 
members mounted thereon when the system is to be rebuilt, 

15 consequently entailing a prolonged period of shutdown and an 
increased number of construction steps in situ. 

An object of the present invention is to provide a fluid 
control apparatus which is easy to assemble and highly amenable 
to the addition or modification of lines although having a 

20 heating device. 

DISCLOSURE OF THE INVENTION 
The present invention provides as a first aspect thereof 
a fluid control apparatus comprising a plurality of lines 
25 arranged in parallel on a base member and having inlets, as 
well as outlets, facing toward the same direction, each of the 
lines comprising a plurality of fluid control devices arranged 
in an upper stage and a plurality of block coupling members 
arranged in a lower stage, the fluid control apparatus being 
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characterized in that at least one of the lines is provided 
on each of opposite sides thereof with a tape heater, a space 
for positioning a tape heater holding clip therein being 
provided in each of locations between adjacent fluid control 
5 devices, the tape heaters being held from opposite sides 
thereof to the line by the clip, the line provided with the 
heaters being mounted on a line support member removably 
attached to the base member. 

, In assembling the fluid control apparatus according to 

10 the first aspect of the invention in its entirety, lines are 
built by mounting coupling members and fluid control devices 
on line support members, arranging tape heaters on opposite 
sides of one or some of these lines which need to be heated 
and causing clips to hold the heaters to each line from opposite 

15 ' sides. The lines are then installed on a base member. Thus, 
the apparatus is easy to assemble. The line equipped with no 
heating device can be modified into a line having tape heaters 
merely by upwardly removing channel connecting means as 
required, removing the old line to be modified as mounted on 

20 the line support member, attaching the line support member of 
a heater-equipped line to the base member, and providing 
channel connecting means necessary for the modification. Thus, 
the line having heating device is available easily. Lines 
having the tape heaters can be added similarly with ease. 

25 The present invention provides as a second aspect thereof 

a fluid control apparatus comprising a plurality of lines 
arranged in parallel on a base member and having inlets, as 
well as outlets, facing toward the same direction, each of the 
lines comprising a plurality of fluid control devices arranged 
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in an upper stage and a plurality of block coupling members 
arranged in a lower stage, the fluid control apparatus being 
characterized in that each of the lines is mounted on a line 
support member removably attached to the base member, the line 
5 support member having a heater insertion bore formed therein 
and extending longitudinally thereof, a sheath heater being 
inserted into the bore. 

When the fluid control apparatus embodying the second 
aspect of the invention is to be assembled in its entirety, 

10 the apparatus can be assembled easily by inserting sheath 
heaters into the heater bores of each of line support members, 
mounting coupling members and fluid control devices on these 
line support members to build lines, and installing the lines 
on a base member. Further a line equipped with no heating 

15 device can be modified into a line having sheath heaters merely 
by upwardly removing channel connecting means as required, 
removing the old line to be modified as mounted on the line 
support member, replacing the line support member by a line 
support member having sheath heaters, attaching the new 

20 support member to the base member, and providing channel 
connecting means necessary for the modification. Thus, the 
line having the heating device is available easily. Lines 
having sheath heaters can be added similarly with ease. 

The apparatus of the first and second aspects of the 

25 invention can be used each singly, or in combination. 

According to the first and second aspects of the 
invention, rails of various shapes, for example, are usable 
as line support members. In such a case, the line support 
member is a rail removably attached to the base member, and 
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each of the coupling members is slidably mounted on the line 
support member. Preferably, each of the fluid control devices 
is mounted on at least two adjacent coupling members . Coupling 
members, fluid control devices and tape heaters can then be 
5 provided on the line support member by slidingly moving the 
coupling members along the path of the line support member to 
a required position, thereafter mounting the fluid control 
devices each on at least two adjacent coupling members and 
causing clips to hold the tape heaters. Thus, the line 

10 equipped with tape heaters can be assembled easily. 

The base member may be in the form of a frame using rails 
(of nonmetallic material) for making line support members and 
using inlet-side rails, outlet-side rails and connectors 
interconnecting these rails. Lines can then be modified by 

15 upwardly removing channel connecting means as required, 
removing the oil line to be modified as mounted on the line 
support member, slidingly moving as required the support 
member for the line not to be modified, installing the line 
support member of the line to be substituted on the base member, 

20 further slidingly returning to a proper position the line 
support member for the line not to be modified, and finally 
installing channel connecting means required for the 
modification. Lines can be additionally provided similarly. 
Consequently, lines can be added or modified with greater ease. 

25 The nonmetallic material used for the rails of the base member 
permits the base member to produce a heat insulating effect, 
eliminating the need to provide an additional heat insulating 
layer . 

Useful as fluid control devices are mass flow controllers, 
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shut-off valves, check valves, regulators, filters, channel 
blocks, etc. The tape heater is held in contact with the side 
face of the body of the fluid control device provided at the 
lower portion of the device and having a channel. (In the case 
5 of the channel block, the heater is held to the entire side 
face thereof.) The tape heater may be held in contact with 
both the body of the fluid control device and the block coupling 
member . 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevation showing a first embodiment 

of fluid control apparatus of the present invention. 

FIG. 2 is a view in section taken along the line II-II 

in FIG. 1. 

15 FIG. 3 is an enlarged exploded perspective view showing 

tape heaters providing a first heating device. 

FIG. 4 is an enlarged exploded perspective view showing 
sheath heaters providing a second heating device. 

FIG. 5 is a side elevation showing a second embodiment 
20 of fluid control apparatus of the present invention. 

FIG. 6 is a view in section taken along the line VI-VI 
in FIG. 5. 

BEST MODE OF CARRYING OUT THE INVENTION 
25 Embodiments of the invention will be described below with 

reference to the drawings. 

FIGS. 1 to 4 show a first embodiments of the invention, 
i.e., a fluid control apparatus, comprising a plurality of 
lines A, B arranged in parallel on a base member 1, with their 
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inlets, as well as their outlets, facing toward the same 
direction. (Two line A, B are shown in FIG. 2 . ) Each of these 
lines A, B (line A only shown in FIG. 1) comprises a plurality 
of fluid control devices 2, 3, 4, 5, 6, 7 arranged in an upper 
5 stage and a plurality of block coupling members 8 arranged 
in a lower stage. Each line A or B is mounted on a line support 
member 10. Each line A or B can be heated by a first heating 

) 

device comprising tape heaters 11 shown in FIG. 3 and a second 
heating device comprising sheath heaters 12 shown in FIG. 4. 

10 The fluid control devices of the line A shown in FIG. 

1 are a mass flow controller 2; inlet-side first shut-off valve 
3 and inlet-side second shut-off valve 4 which are provided 
in front (on the inlet side) of the mass flow controller 2; 
and check valve 5, outlet-side first shut-off valve 6 and 

15 outlet-side second shut-off valve 7 which are provided in the 
rear (on the outlet side) of the mass flow controller 2. 

Each of the fluid control devices 2, 3, 4, 5, 6, 1 has 
a block body provided with a channel. Each pair of adjacent 
fluid control devices 2 to 7 are held in communication with 

20 each other by the block coupling 8 disposed therebelow and 
having a V-shaped channel. The coupling 8 has vertical 
internally threaded portions in its top. The fluid control 
devices 2, 3, 4, 5, 6, 1 are attached to the corresponding 
couplings 8 by driving screws 16, extending through the block 

25 bodies, into the respective vertical internally threaded 
portions . 

The base member 1 is in the form of a frame comprising 
a plurality of lateral rails la extending in a direction 
orthogonal to the lines and connectors (not shown) connecting 



8 



these rails. 

The line support member 10 is a rail of synthetic resin. 
The block couplings 8 are slidably mounted on the line support 
member 10. The member 10 is made of an extrudate and has two 
grooves 10a formed in its interior and each in the form of 
an inverted trapezoid in cross section. Each of the grooves 
10a has fitted therein a slide member 9 which is slidable along 
the groove. The block coupling 8 is fastened to the slide 
member 9 with screws 15 extending through the coupling 8 and 
each pressed at its lower end against the slide member 9. The 
block coupling 8 becomes slidable by loosening the screws 15, 
and is fixed in position to the line support member 10 by 
tightening up the screws 15. 

The tape heaters 11 are arranged respectively on the left 
and right opposite sides of the block bodies of the fluid 
control devices 2, 3, 4, 5, 6, 7 and attached to the bodies 
by a plurality of clips 13 for pressing the heaters against 
the opposite sides at required locations. Each of the clips 
13 is made from a thin metal plate, inverted U-shaped and 
adapted to hold the tape heaters 11 with a resilient force 
acting to reduce the spacing between the opposed walls 13a 
thereof. The clips 13 are arranged at two locations on each 
of the front and rear sides of the mass flow controller 2 and 
at each of the inlet and outlet of each line. The clip 13 has 
a top wall 13b having a shortened front-to-rear width. There 
is a space for positioning such top walls 13b on each of the 
front and rear sides of controller 2. 

The sheath heaters 12 are embedded in the line support 
member 10. For this purpose, the support member 10 has two 
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heater insertion bores 14 extending in the direction of the 
line. The heater insertion bores 14 are formed respectively 
in the left and right side portions of the member 10 each on 
the outer side of the bottom of the corresponding inverted 
5 trapezoidal groove 10a. The sheath heaters 12 are inserted 
into the respective bores 14 with their terminals exposed from 
the line support member 10. 

The lateral rail la of the base member 1 is the same as 
the line support member 10 except that no heater insert ion bore 

10 14 is formed therein. The line support member 10 is attached 
to the lateral rail la in the same manner as the coupling member 
8 as mounted on the support member, whereby the line support 
member 10 is made slidable in a direction (leftward or rightward 
direction) orthogonal to the line (in the forward or rearward 

15 direction) . 

In assembling the fluid control apparatus in its entirety, 
or modifying or additionally providing lines, line support 
members 10 each having the components 2, 3, 4, 5, 6, 7, 8, 11, 
13 mounted thereon are prepared first. These line support 

20 members can then be assembled as units, or such line support 
members are removable as units. This ensures facilitated work. 
Since the block couplings 8 are slidable along the line support 
member 10, the components 2, 3, 4, 5, 6, 7, 8 can be installed 
on the line support member 10 also easily. 

25 FIGS. 5 and 6 show a second embodiment of fluid control 

apparatus according to the invention. As shown in these 
drawings, fluid control devices 17, 18, 19 have bodies 17a, 
18a, 19a which are smaller in vertical height than the bodies 
of the fluid control devices 3, 4, 5, 6, 7 of the first 
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embodiment. Tape heaters 11 are provided in contact with not 
only the device bodies 17a, 18a, 19a but also the side faces 
of coupling members 8. Clips 13 are retained not only by the 
device bodies 17a, 18a, 19a but also by the coupling members 
5 8 . With the exception of these features, the second embodiment 
is the same as the first, and throughout the drawings, like 
parts or components are designated by like reference numerals. 

Like the first embodiment, the second embodiment also 
ensures facilitated work in assembling the apparatus in its 
10 entirety or in modifying or adding lines. The second 
embodiment is useful in the case where heating is highly 
necessary. The tape heater 11 and the sheath heater 12 need 
not always be used in combination; either one of them can be 
used in accordance with the need for heating. 

15 

INDUSTRIAL APPLICABILITY 
The apparatus of the invention is suitable for use as 
a fluid control apparatus in semiconductor fabrication 
equipment when the fluid to be used for treating semiconductors 
20 needs to be supplied as heated. 



